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Psychotherapy  has  been  one  of  the  major  applications  of  Virtual  Reality 
technology;  examples  include  fear  of  flying,  heights,  spiders,  and  post‐traumatic 
stress  disorder.  Virtual  reality  has  been  shown  to  be  useful,  in  the  context  of 
exposure therapy for the treatment of social anxiety, such as fear of public speaking, 










confident  male  volunteers  to  an  approach  by  an  attractive  and  friendly  virtual 
woman  in  a  VE.  The  results  show  that  the  participants  responded  according  to 
expectations  towards  the  avatar  at  an  emotional,  physiological,  and  behavioural 




























































































































































































































































































auditory  displays,  and  sometimes  haptic  feedback.  Typical  Virtual  Environment 
interfaces include head mounted displays (HMDs) and CAVE‐like system.  
A  common  framework  for  measuring  the  responses  of  people  to  Virtual 













































In  this  work  we  have  reviewed  the  psychology  literature  regarding  shyness 
related behaviour, and attempted to animate avatars using that knowledge. Most 
importantly,  in  order  to  validate  those  animations,  we  carried  out  experimental 
studies with human participants throughout the whole project.  
1.3 Scope of the thesis 










response  related  to  shyness  blushing  serves  an  important  function  in  human 
communication; yet, as an additional facial feature, it has not been mentioned much 
in the computer animation literature. As part of this research we have studied the 
representation  of  blushing.  However,  again,  blushing  was  implemented  as 
something noticeable yet without striving for photorealism. 
Finally, we are particularly interested in how participants respond to our avatars. 
For  that  reason,  experimental  studies  were  carried  out  throughout  the  whole 









role  that  social  anxiety  plays  in  a  face‐to‐face  interaction  between  a 
participant and a life‐size avatar in a VE. To evaluate the level of social 
anxiety generated in such interactions and how it could influence the 
interaction,  we  observed  not  only  participants’  questionnaire  and 
physiological responses but also their behavioural responses, particularly, 
their  bodily  movements  during  the  interaction.  Our  results  have 
supported  that  participants  react  towards  the  avatar  realistically  at  a 
subjective, physiological, and behavioural level. The findings of this thesis 
have contributed to the understanding of how social anxiety interferes 


































of  such  interactions,  in  particular,  the  possibility  of  using  such  interactions  in 
psychotherapy for social phobics. 




behaviours  related  to  social  anxiety.  This  will  further  broaden  our  knowledge  in 
social phobia and methods of representing social anxiety or shyness in VR.  





Another  important  aspect  of  this  thesis  is  the  evaluation  of  human‐avatar 
interaction. In Section 2.5 we review the methods of evaluation. 
Our final goal is to use this human‐avatar interaction in Psychotherapy for social 












redundant  information  (Bavelas  and  Chovil  1997;  Poggi  and  Pelachaud  2000; 
Pelachaud  and  Bilvi  2003).  The  following  Sections  deal  with  the  types  of  facial 
expressions and their significance. 








and  Waters  1994;  Bui  2004).  To  obtain  the  natural  movement  of  human  facial 
expressions using linear interpolation of facial mesh data is not sufficient so other 
methods  are  often  used.  For  example,  Parke  (Parke  1972)  used  a  cosine 
interpolation  scheme  to  approximate  the  acceleration  and  deceleration  of  facial 
movements.  
One of the major contributions to the analysis of facial expressions is the Facial 
Action  Coding  System  (FACS)  developed  by  (Ekman,  Friesen  et  al.  1978).  In  this 
system, Action Units (AU) are defined as the contraction/relaxation of facial muscles 
and  are  used  to  describe  almost  all  anatomically  possible  facial  expressions.  An 
example  of  AU  could  be  “Inner  Brow  Raiser”  or  “Lip  Corner  Depressor”.  A  less 
detailed  implementation  (Thórisson  1996)  provides  a  simpler  way  that  allows 
animation with a more cartoon style look. In this approach, control points such as 




contain  some  additional  facial  features  such  as  facial  wrinkles  and  tongue 















(Arnold 1960)  Anger, aversion, courage, dejection, desire, despair, 
fear, hate, hope, love, sadness 
(Ekman, Friesen et al. 1982)  Anger, disgust, fear, joy, sadness, surprise 
 
(Frijda 1986)  Desire, happiness, interest, surprise, wonder, sorrow 
(Gray 1985)  Rage and terror, anxiety, joy 
(Izard 1971)  Anger, contempt, disgust, distress, fear, guilt, interest, 
joy, shame, 
surprise 
(James 1884)  Fear, grief, love, rage 
(McDougall 1926) 
 
Anger, disgust, elation, fear, subjection, tender-
emotion, wonder 
(Mowrer 1960)  Pain, pleasure 
(Oatley and Johnson-Laird 
1987) 
Anger, disgust, anxiety, happiness, sadness 
(Panksepp 1982)  Expectancy, fear, rage, panic 
(Plutchik 1980) 
 
Acceptance, anger, anticipation, disgust, joy, fear, 
sadness, surprise 
(Tomkins 1984)  Anger, interest, contempt, disgust, distress, fear, joy, 
shame, surprise 
(Watson 1930)  Fear, love, rage 
(Weiner 1984)  Happiness, sadness 
 
A  face  is  capable  of  producing  about  twenty  thousand  different  facial 
























































































































the  lip  corners  upwards)  and  orbicularis  oculi  muscle  (muscle  around  the  eye) 
(Ekman  and  Friesen  1982).  On  the  other  hand,  smiles  that  included  traces  of 
muscular actions associated with disgust, fear, contempt, or sadness usually occur 
when  the  subject  is  trying  to  mask  negative  emotions  with  a  happy  mask.  A 
simulated smile is a combination of the smiling action (zygomatic major) with traces 
of the muscle movements from one or another negative emotion.  










These  facial  displays  occur  during  emotionally  significant  events.  They  are 




a  facial  expression  is  shown  has  a  strong  effect  on  the  perceived  emotion.  If 
individuals are shown a static, emotionally expressive face with no clue to what 





Numerous  facial  animation  systems  display  emotional  expressions  based  on 
variants of a set of universally recognised facial expressions such as Ekman’s (EKman 
1982;  EKman  1992).  These  systems  either  display  one  set  of  the  universally 
recognised  facial  expressions  (Velasquez  1997;  Kshirsagar  2002;  Bui  2004;  Paiva, 
Dias et al. 2004) or in addition they produce combinations of these facial expressions 
(Heckelman and Schneier 1995; Kurlander, Skelly et al. 1996; Latta, Alvarado et al. 
2002;  Prashant  and  Meyer  2003;  Raouzaiou,  Karpouzis  et  al.  2003;  Albrecht, 
Schröder et al. 2005). 








this  emotion  is  mapped  onto  the  wheel  using  the  two  dimensions  and  the 
combination  of  the  universally  recognised  expressions  corresponding  to  the  two 


























due  to  emotional  events.  Communicative  acts  are  also  fast  due  to  their 
synchronisation  with  the  speech,  in  comparison  to  emotional  expressions  which 
have their own time signatures. The meanings of communicative acts are varied. 
They  could  be  syntactic,  semantic  (Bavelas  and  Chovil  1997)  or  related  to  the 





communicate,  felt  emotions  (physical  resources),  context  and  interlocutor.  Long‐
lasting features refer to the agent’s culture, personality and style, and so on. 
Facial  expressions  are  extremely  important  in  interpersonal  communication, 
providing many communicative functions such as emphasis (e.g. raising eyebrows), 
giving feedback as to whether a listener has understood (e.g. a confused expression) 
and  distinguishing  performatives  (an  order  can  be  accompanied  by  a  frown,  a 
request by a smile) (Poggi and Pelachaud 2000). Experimental studies have shown 
that  a  combination  of  facial  signals  determines  participant’s  perceived  meaning 
including agree and accept (nod), like (smile), disagree and refused (head shake), 









are  realised  as  an  “eyebrows  frown”  and  an  “eyebrows  raised”,  respectively.  As 
pointed  out  by  the  authors,  “adding  these  two  signals  would  not  produce  a 
believable  expression”,  the  communicated  meaning  would  be  sadness  (Rosis, 
Pelachaud et al. 2003). 
Another issue is the mapping between categories of communicative meaning 




communicative  functions.  This  shows  the  importance  of  taking  context  into 
consideration  when  interpreting  the  meanings  of  facial  expressions.  Physical 












has  been  a  focus  in  character  animation,  with  many  different  approaches  to  its 
implementation.  However,  very  few  studies  look  into  the  evaluation  of  facial 
animation with human participants. Moreover, some additional facial feature, for 


















is  not  very  much  appreciated  in  most  circumstances  because  of  its  unwanted 






Embarrassment  and  shyness  are  very  often  referred  to  as  the  same thing  in 
everyday life. The difference is shyness is to describe the characteristic of a person, 
while  more  often  embarrassment  to  describe  a  situation  (Crozier  1990).  A  shy 
person could be described as “easily embarrassed”; at the same time any confident 
person has experienced times when they are “embarrassed”. “Feeling shy” is a form 











between  being  shy  and  being  Social  Phobic  is  blurred  (Heckelman  and  Schneier 
1995). Heiser et al (Heiser, Turner et al. 2003) found that there is a significant and 





























face  with  an  uncomfortable  expression,  the  head  slightly  lowered,  and  in  an 
awkward posture. In this Section we examine behaviours related with shyness, or 
“social anxiety”. 
In  the  psychologists’  view,  the  expression  of  shyness  and  embarrassment  is 
similar to the above image. Those expressions include: blushing, increased smiling, 
adverted  gaze,  more  speech  disturbances,  more  body  motion,  and  stiff  posture 
(Edelmann and Hampson 1981; Coll, Kagan et al. 1984; Asendorpf 1990). In 1966, 












Bodily movements  More body motion (sways, shuffles feet, knees tremble, extraneous 
arm and hand movement, hand tremors) 
Stiff posture (paces, arms rigid, hands restrained) 
Facial expressions  Face muscles tense, face “deadpan”, moistens lips 
Facial colours  Blushing, face pale
Gaze  Adverted gaze ( no eye contact)
Voice and speech  More speech disturbances (swallows, clears throat, breath heavily, 









Edelmann  and  Hampson  pointed  out  that  embarrassed  expressions  on  the  face 
sometimes  were  identified  as  amusement,  while  together  with  body, 
embarrassment was more precisely indentified (Edelmann and Hampson 1981). 
2.4 Social Blushing 
After  reviewing  behaviours  related  to  shyness,  we  have selected  a particular 
facial feature to look at in more depth: blushing. As one of the “most peculiar and 















Blushing  is  usually  accompanied  by  other  actions  that  show  embarrassment  or 
shame. These behaviours include averted gaze, increased general body motion, the 








or  evaluation”  (Leary,  Britt  et  al.  1992).  Leary  and  Meadows  have  found  that 
blushing is often reported as accompanied with “face feels hot”, and “cheeks turn 
red  or  pink”  (Leary  and  Meadows  1991).  Similarly  in an interview conducted  by 









In  order  to  design  the  scenario  of  our  experiments,  we  also  needed  to 
















sustain  an  equally  high  performance  in  the  future  (Baumeister,  Hamilton  et  al. 
1985). Scrutiny refers to the situation that some people blush when interacting with 
authorities,  when  speaking  before  audiences,  when  becoming  the  centre  of 
attention, or even when they are simply stared at by another person (Leary and 
Meadows 1991). Accusations of blushing mean that blushing can also be reliably 




theory  (Leary,  Britt  et  al.  1992;  Darwin  1999),  blushing  occurs  because  of  the 
“affective  state  and  perceived  presence  of  others.”  The  Placation  theory 















the  person  might  otherwise  be  rejected”  (Leary  and  Meadows  1991).  This  is 
consistent  with  Semin  and  Manstead’s  finding  that  after  performing  a  social 






























is  one  of  the  most  expressive  areas  of  the  body  (Birdwhistell  1968).  Facial 
expressions  are  readily  recognizable  by  others  even  in  a  synthetic  static  sketch 
format. Many facial animation systems have been implemented, either to express 
human  emotion  (Bui  2004;  Albrecht,  Schröder  et  al.  2005)  or  to  serve 





emotion  of  “embarrassment”,  where  the  avatar’s  whole  face  turns  red  with 
emphasised rosy cheeks. In Jung and Knöpfle’s work (Jung and Knöpfle 2006) the 
avatar would express shame and embarrassment with blushing which covers cheeks, 










rather  than  the  real  world  (where  the  participant  actually  is).  In  a  Virtual 
Environment with Virtual Characters, apart from feeling being with the simulated 
objects, the participants should feel they are with the simulated subjects, which are 


















By  definitions  of  presence  and  co‐presence,  there  seems  to  be  a  correlation 
between  them.  Some  previous  studies  indicate  that  there  is  a  positive  relation 
between presence and co‐presence (Slater, Sadagic et al. 2000; Schroeder, Steed et 
al. 2001; Slater and Steed 2002). However Casanueva et al.’s experimental studies 
(Casanueva  and  Blake  2001)  showed  no  correlation  between  presence  and  co‐
presence.  Nevertheless,  they  found  that  more  realistic  (appearance)  avatar 




between  co‐presence  and  presence  can  vary  over  the  whole  experience,  and 
therefore would not be adequately reflected in the results. 
Held  and  Durlach  (Held  and  Durlach  1992),  and  Sheridan  (Sheridan  1992) 
suggested  some  approaches  of  measuring  presence,  including:  (1)  user  reported 
sense of presence (asking the users about their sense of presence); (2) observation 






















extra  personality  questionnaires,  and  given  the  content  of  our  research, 
questionnaires related to social anxiety. 
















on  the  other  hand,  examines  peoples’  anxiety  in  specific  interactions  with:  a 
member of the opposite sex, a stranger, a authority figure, and a group of people. 
Our research studies interaction between human and avatars under certain chosen 
social  encounters  so  SPAI  would  provide  us  the  ability  to  achieve  a  better 
concentration  on  the  particular  area  in  which  we  are  interested,  for  example, 
anxiety in front of the opposite sex.  
2.5.3 Physiological Measurement 






1996).  EDA  measures  changes  in  arousal  through  changes  in  skin  conductance 
caused  by  sweat  levels  (Venables  1978;  Boucsein  1992).  In  particular,  Skin 
Conductance  Level  (SCL)  indicates  overall  degree  of  arousal  and  the  Skin 






defined  as  the  extent  to  which  participants  act  and  respond  as  if  what  they 
experience in the Virtual Reality were real (Sanchez‐Vives and Slater 2005).  This 
tendency  of  acting  realistically  towards  virtually  generated  data  distinguishes  VE 
from  all  other  media,  such  as  films  and  books  leading  to  a  range  of  beneficial 
applications from virtual psychotherapy to training. In the previous two Sections we 
looked  at  questionnaire  and  physiological  measurements,  here  we  look  at  more 
observable behavioural responses – participants’ actual behaviour. 
Several  studies  have  used  the  behaviour  of  participants  in  VE  to  evaluating 
presence (Slater, Steed et al. 1998; Slater, Sadagic et al. 2000; Slater and Steed 
2002).  For  example,  one  of  these  studies  examined  the  participants’  actual 
responses to “danger”, i.e. whether they ducked when virtual objects flew towards 
them (Slater and Usoh 1993).  
More  importantly,  the  interaction  between  human  participants  and  Virtual 
Characters is of our interest and is crucial in many VE applications. In particular in 












(Friedman,  Steed  et  al.  2007).  Krämer  assessed  the  verbal  responses  towards 




as  well  as  its  limitation:  in  the  same  study  of  Vinayagamoorthy’s,  there  was  no 
difference  in  the  distance  participants  maintained  when  different  emotion  (Sad, 
Anger) was displayed, although in everyday life it’s normal to assume that people 
would  maintain  a  further  distance  with  an  anger  person.  Another  particular 
behaviour in human communication was also examined but failed to show in VR: in a 
later  study  of  Krämer's,  while  interacting  with  a  virtual  agent  manipulated  with 
certain nonverbal behaviour (eyebrow movement and self‐touching), no mimicry 
behaviour reported in the participants (Kramer, Simons et al. 2007).  
In  Slater  et  al.’s  study  on  Virtual  Reality  representation  of  Stanley  Milgram’s 
obedience experiments, a different behavioural measurements was chosen (Slater, 




















Most  previous  research  on  presence  has  used  questionnaire  as  the 

















































Although  the  simulation  of  Virtual  Characters  involves  more  complexity  than 
other virtual objects (for instance, a virtual spider), there are evidence suggesting 
participants  respond  towards  Virtual  Characters  even  with  only  cartoon‐like 
appearance and basic movements, and therefore pointing out the potential of using 












speaker.  Such  studies  provide  increasing  evidence  that  people  respond  to  such 
virtual social encounters as if they are real (Cornwell, Johnson et al. 2006), and that 
Virtual Characters can be successfully used together with exposure therapy for social 





face  serves  as  a  very  important  communication  channel  in  interpersonal 
communication. Facial expressions have been studied in depth in both psychology 





social  phobia.  We  reviewed  the  psychology  background  of  social  phobia  and  its 






firstly,  it  is  an  additional  facial  cue  which  has  not  been  implemented  much  in 
computer  animation  systems;  secondly,  it  serves  important  functions  in 
interpersonal communications; thirdly, it is something very difficult to “simulate” in 















Evaluating  Virtual  Characters  in  VR  with  human  participants  also  provides  a 










In  order  to  achieve  our  goal  of  building  highly  immersive  interaction  it  is 









The  main  purpose  of  the  thesis  is  to  study  the  interaction  between  human 




The  first  half  of  this  Chapter  introduces  our  attempt  to  animate  facial 
expressions  which  express  complex  mental  states  using  motion  graphs,  which  is 
based  on  our  paper  (Pan,  Gillies  et  al.  2007).  This  result  was  not  used  in  the 








information  naturally  to  the  user  by  invoking  their  automatic  physiological, 
behavioural  and  emotional  responses,  and  therefore  achieve  a  more  empathic 
interaction  (Vinayagamoorthy,  Gillies  et  al.  2006).  In  other  words,  they  make  it 
easier  for  the  user  to  communicate  with  the  Virtual  Environment.  In  an 
interpersonal interaction the face is the most closely observed area of the human 





Izard  (Izard  1971)  suggested  that  emotions,  particularly  basic  emotions,  produce 




et  al.  1982)  (happy,  sad,  surprised,  disgusted,  angry,  and  fear)  are  therefore  no 
longer considered to be sufficient to explain the role that facial expressions play in 
communication  process.  Recently  it  has  been  suggested  that  it  is  important  to 








complex  mental  states.  In  Section  3.1.3  we  present  related  work  on  facial 
animations.  Sections  3.1.4  and  3.1.5  introduce  our  method  of  extracting  and 
applying  facial  expression  on  Virtual  Characters,  and  generating  complex  mental 
states  on  facial  expressions  using  motions  graphs.  Some  examples  are  shown  in 
Section 3.1.6. 
3.1.2 Complex Mental States 
A  face  is  capable  of  producing  about  twenty  thousand  different  facial 
expressions (Birdwhistell 1970). Many researchers have selected a limited set of 


















However,  in  contrast  to  basic  emotions,  recognizing  complex  mental  states 
requires  information  on  consecutive  facial  displays  rather  than  a  static  frame. 
Moreover, this recognition requires not only facial expression changes but also head 










focus  on  the  facial  expressions’  communicative  function.  Facial  expressions  are 





pure  text  as  input  to  generate  “embodied  expressive  behaviours”.  The  system 
presented by Pelachaud and Bilvi (Pelachaud and Bilvi 2003) is integrated into a 
system which translates goals, beliefs, and emotions into communicative function 






clips.  Our  facial  expression  generation  framework  works  from  head  and  facial 
displays,  which  are  individual  facial  events  that  people  use  to  describe  facial 
expressions (e.g., nodding the head or smiling). Each facial display is composed of a 
sequence of facial actions. Several authors have suggested facial action recognition 
methods  which  learn  either  image‐based  representations  (e.g.,  Gabor  filters)  or 















the  likelihood  of  each  facial  display  given  the  recognized  facial  actions  using  a 
standard invocation of the Bayes’ rule. The temporal filtering property of Hidden 
Markov  Models,  which  are  statistical  models  for  sequential  data,  gives  us  the 
temporal  smoothing  mentioned earlier.  As  in  (Kaliouby  and  Robinson  2005),  the 
HMMs were trained using video clips extracted from the Mindreading DVD compiled 









up”  and  “neck  forward”  were  applied.  Similarly,  both  “head  down”  and  “neck 
backward” were applied for head backward. On the other hand, head shake and 
head nod are both periodic movement, therefore a head shake motion contains two 










Head Turn  head-turn 
Head Tilt  head-tilt 
Head Forward  head-up + neck-forward 
Head Backward  head-down + neck-backward 
Head Shake  Alternately head-turn-left, head-turn-right 
Head Nod  Alternately head-up, head-down 
Facial 
Movements 
Lip Corner Pull  lip corner pull (AU12) 
Lip Pucker  lip pucker (AU18) 


















































emotion  e  and  0  otherwise.  The  parameter  (0<  <1)  is  a  fall‐off  value  which 
ensures that the values of future edges weighted lower than current edges. 
3.1.6 Results 





















































satisfactory.  For  this  thesis,  this  work  serves  as  an  exploration  into  the 
implementation of facial expressions using a machine learning method. It helped us 
understand  complex  emotions  and  gaining  practical  experience  in  the 




In  the  previous  Section  we  presented  our  implementation  of  realistic  facial 
expressions. In this Section, we look at another very important aspect in avatar 
animation  –  body  movement.  Here  we  present  the  detailed  implementation 
procedure of using motion captured data to animate the body movement of Virtual 
Characters. Our description follows the procedure of an implementation which was 
part  of  an  experimental  design  (presented  in  Chapter  6).  In  the  experiment  we 
evaluated participants’ reaction towards a shy virtual woman who expressed her 
shyness  through  her  body  movements.  Here  first  we  review  the  relationship 51 
 
between shyness and bodily movements, then give the technical detail of the design 
















Area  Shyness related behaviour 
Hands  Extraneous hand movement, hand tremors, hands 
restrained 
Arms   Extraneous arm movement, arms rigid 
Legs Knees  tremble 
Feet   shuffles feet 
Posture Stiff  posture 
Whole body  More body motion, paces, sways 
 
In  this  work  we  are  interested  in  representing  shyness  by  applying  body 
movements  to  Virtual  Characters.  In  the  previous  Chapter  (Section  2.3.3)  we 











actress  and  motion  captured  data  in  our  study.  Using  motion  captured  data  in 
computer character animation was originally developed in the 70’s, and has become 
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                               (c) 
 
                               (d) 
 
Figure 3.5: Motion Capture Shy Condition (a) – (d) The actress acted 
through her body movements as if she was very shy, by lowering her 
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                               (d) 
 
Figure 3.6: Motion Capture Non-shy Condition (a) – (d) She displayed 


























Generally  the  animated  biped  requires  further  adjustments.  Ideally  the 




























































































life  and  makes  it  more  difficult  for  them  to  pursue  professional  success  and 
relationships.  The  fear  of  interaction  with  other  human  beings  stops  them  from 




















To  provide  the  participants  with  an  immersive  interactive  environment,  the 












so  that  the  computer  refreshes  the  displays  according  to  head  orientation  and 





recording  device  that  records  ECG  (256Hz),  EDA  (32Hz)  and  respiration  (32Hz). 
Electrodes were placed on the palmar areas of the index and middle fingers of the 
left hand in order to record electrodermal activity. Electrodes were placed on the 
left  and  right  collar  bones  and  the  lowest  left  rib  in  order  to  record  ECG.  The 













































unexpected  situations.  Each  utterance  is  a  synchronised  combination  of  speech 
(audio  file)  and  movements  (animation).  Our  animation  engine  distinguishes 
between  foreground  behaviour,  the  multi‐modal  utterances,  and  background 
behaviour.  Background  behaviours  are  behaviour  patterns  that  happen 
continuously, and in parallel with any utterances, either for the whole scenario or 

























  Other Virtual 
Characters  
looking at the participant
Other Virtual Characters 










Social  Phobia  and  Anxiety  Inventory  (SPAI)  questionnaire  which  is  a  set  of  the 
original SPAI questionnaire (Watson and Friend 1969). There are 36 questions in our 
adjusted‐SPAI questionnaire. In SPAI, there are 21 questions explicitly related with 








•  I  feel  anxious  when  approaching  and/or  initiating  a  conversation  with 
opposite sex. 















We  measured  three  classes  of  response  variables:  questionnaires  and  post 
experiment interviews, physiological data, and participants’ behavioural responses 
during the experiment. 








which  were  recorded  during  a  2.5  minute  baseline  period  and  subsequently 











Recruitment  was  by  advertisement  throughout  the  UCL  campus  and  by  UCL‐ 
wide  emails.  The  experiment  was  approved  by  the  UCL  Ethics  Committee,  and 
involves fully informed consent. Subjects were paid £5 for their participation.  
The  pre‐SPAI  questionnaire  was  put  online  and  we  have  advertised  the  link 
through emails and posters on the campus at UCL. Sixty‐three people filled in the 
online  pre‐questionnaire,  28  participants  were  invited  and  attended  our  studies. 



























1 Baseline  starts 
2 Baseline  ends 
3 Experiment  starts 
4  Avatar stares at the participant 
5  Avatar approaches to within normal social distance 
6  “Hi, It looks like we are the only people alone here, right?” 
7  “My name is Christina.” 
8  “It's very nice to meet you.” 
9  “So, what are you doing for a living?” 
10  “Very interesting, tell me more.” 
11  “I'm an air hostess; I just arrived in London yesterday. Where do you live?” 
12  “I don't know London very well, but actually, I am thinking about moving here, 
what do you think?” 
13  “But I heard it rains all the time here, is that true?” 
14  “Well, the weather is not that important to me. Have you lived here long?” 
15  “Do you like it here?” 
16  “I've noticed that people dressed very well around here. By the way, that shirt looks 
great on you. How much was it?” 
17  “Ah, I really want to find a pair of trousers, something like these (Looking down) 
for my brother. Where did you get these?” 
18  “So, do you know anyone here?” 
19  “I feel a bit shy about talking with other people, do you mind if I talk with you for a 
bit longer?” 
20  The avatar approaches to an intimate distance 
21  “If you don't mind me saying, I think you look very nice.” 
22  “I was wondering actually, are you single, or involved with someone at this time?” 






























 Not  Observed  Observed 
Confident  1.68 ± 0.28  2.76 ± 1.42 











Figure 4.2: post-SPAI mean against pre-SPAI mean by anxiety and observation 
factors: C NO: Confident participants, not observed; C O: Confident 
participants, observed; A NO: Anxious participants, not observed. A O: Anxious 
participants, observed. 
 


















































Variable Estimate  P 
Constant  -0.4938 0.3766 
Group × Observed  -3.4542 0.0009 
preSPAI  0.9181 0.0000 




























time?”).  Note  the  generally  lower  values  of  the  SCL  for  the  ordinary  topics  of 
conversation (questions 12‐16) and then the general increase as the conversation 
becomes more intimate. For the sake of obtaining some insight into the statistical 
significance  of  these  results  we  use  a  Kruskal‐Wallis  non‐parametric  one‐way 
analysis of variance, to test the hypothesis that the medians of all the events are 
equal. Of course this hypothesis is rejected with P=0 (effectively). Then a multiple 
comparisons  test  with  simultaneous  significance  level  of  5%  shows  that  the 
questions fall into clusters as follows: 
Events 7, 20, 21, 22, 23 have median significantly greater than all of the others; 




















































































































































behaviours  which  are  related  with  anxiety,  domination,  flirtation,  affiliation,  and 
avoidance.  We  decompose  the  bodily  movement  annotations  into  3  categories: 
hand movement, head movement, and posture movement.  
Head  Movement:  We  include  nodding,  head  cocking,  head  shaking,  looking 
around, and looking down in the head movement analysis. Increased nodding and 
head cocking (see Figure 4.5 (b)) shows affiliation and higher involvement, whilst 




conversational  gesture,  and  arm  crossing.  Over  these  hand  movement,  we  are 
particular interested in hands on hips (see Figure 4.5 (f), (g), (h), and (i)), which is a 
dominate behaviour used by male while courting (Argyle 1975). Also we consider 
head‐touching  (Figure  4.5  (k)),  which  is  related  to  self‐consciousness  within 
uncomfortable  social  situations  (Knapp  and  Hall  1978).  Certain  types  of  head‐
touching  can  also  be  interpreted  as  preening  which  is  associated  with  courting; 
however, such behaviour is more common in women than men (Argyle 1975).  
Posture  Movement:  We  look  at  posture  shifting  (symmetric  to  asymmetric, 




























































  1, Looked 
Down  2, Looked Around  3, Leaned 
Forward 
Shy Participants  6/12 11/12  9/9 







makes  no  rational  sense,  unless  it  is  considered  that  the  participants  were 
automatically behaving as if this virtual scene were real. 
(b)  Results of Form 2: Variation of Response with Independent Variables 
Consider  any  particular  action  such  as  'head  touching'.  We  are  interested  in 
whether there are any systematic variations of this response with the independent 
and  explanatory  variables  of  the  experiment.  The  null  hypothesis  is  that  'head 
touching' occurs at random through time. Under this null hypothesis the distribution 
the  number  of  head‐touches  should  for  each  individual  follow  a  Poission 










































Look around  Observed  +  0.00 
Look down  Shy  -  0.01 
Nodding Observed  -  0.06 
Hand 
Movement 
Head-touch Observed  -  0.00 







the  participants.  The  first  three  responses  highlight  the  strong  realism  in  the 
responses of the participants: 
“The background music, whether dimmed deliberately or not, sounded like the 
sort  of  music  you  would  experience  at  the  party,  and  so  added  to  the  realism. 

















benefited  from  being  able  to  see  depth  in  the  people  moving  around.  This 
particularly noticeable when things catch your attention in your peripheral vision.” 
4.6 Conclusion and Problems 
Some  interesting  hypotheses  were  generated  that  formed  the  basis  of  our 
















Although  with  the  results  presented  in  the  previous  Section  we  have  gained 
insight into the behaviours of shy and confident participants relatively to avatars in a 
Virtual Environment, without sufficient physiological results, it is difficult to justify 


















 Not  Observed  Observed 
Confident  9 9 
Anxious  10 8 
 
The  pre‐SPAI  questionnaire  was  put  online  and  advertised  the  link  through 











The  post‐SPAI  questionnaire,  which  was  administered  to  participants 
immediately  after  leaving  the  Virtual  Environment,  tested  participants’  anxiety 
during the experience in the CAVE in general as well as their anxiety towards the 
virtual  female.  Here  we  use  the  score  which  was  related  to  their  anxiety  on 
encountering the virtual female. In our analysis, we compare participants’ anxiety 






































































































































association  between  the  two  scores  (significant  for  the  Anxious  group). 
Standardizing  both  sets  of  pre‐  exposure  scores  to  have  mean  0  and  standard 
deviation  1  so  that  we  can  clearly  compare  post‐  exposure  scores  between  the 
groups we can see (Figure 4.6 (b)) that the Anxious group generally reports greater 
































1 Baseline  starts 
2 Baseline  ends 
Start: The virtual Female initiates the conversation 
3 Experiment  starts 
4  Avatar stares at the participant 
5  Avatar approaches to within normal social distance 
6  “Hi, It looks like we are the only people alone here, right?” 
7  “My name is Christina.” 
8  “It's very nice to meet you.” 
9  “So, what are you doing for a living?” 
10  “Very interesting, tell me more.” 
11  “I'm an air hostess; I just arrived in London yesterday. Where do you 
live?” 
Mundane: “Everyday life” conversation 
12  “I don't know London very well, but actually, I am thinking about moving 
here, what do you think?” 
13  “But I heard it rains all the time here, is that true?” 
14  “Well, the weather is not that important to me. Have you lived here long?” 
15  “Do you like it here?” 
16  “I've noticed that people dressed very well around here. By the way, that 
shirt looks great on you. How much was it?” 
17  “Ah, I really want to find a pair of trousers, something like these (Looking 
down) for my brother. Where did you get these?” 
Intimate: The conversation became more intimate 
18  “So, do you know anyone here?” 
19  “I feel a bit shy about talking with other people, do you mind if I talk with 
you for a bit longer?” 
20  The avatar approaches to an intimate distance 
21  “If you don't mind me saying, I think you look very nice.” 
22  “I was wondering actually, are you single, or involved with someone at 
this time?” 















analysis  we  used  27  physiological  recordings.  Here  we  consider  the  rate  and 
amplitude of SCR that followed the events as defined in Table 4.8. We expected 
greater  arousal  for  the  Anxious  group  in  the  intimate  period  compared  to  the 
mundane or start period. During each of the periods Start, Mundane and Intimate 
the same type of events were occurring – the virtual woman asked questions or 


































greater  the  anxiety  level  amongst  the  Anxious  group.  Figure  4.10  (a)  gives  a 
comparison between the confident and anxious group for difference in PNN50 for 
the Start minus the Baseline period. There is no significant effect for the Confident 














































































































































  Shy Participants  Confident Participants
1 Stepped  Backwards*  4/18  0/18 
2 Looked  Down*  7/18  12/18 
3 Looked  around  14/18  14/18 















































































Some  participants  pointed  it  out  that  although  the  graphics  were  not  very 
realistic, it didn’t stop them from having emotional responses towards the virtual 














In  particular  when  asked  about  their  feelings  when  the  avatar  was  getting 


























“confident”.  Other  words  used  to  descript  her  include  direct,  outgoing,  socially 
curious, friendly, forthcoming, pushing, bored, lonely, and desperate.   
4.9 Summary 




















suggested  by  our  ECG  analysis.  This  last  result  is  an  excellent  pointer  for  the 
potential utility of this simulation in training and therapy. 
In  this  Chapter,  we  studied  the  difference  between  shy  and  confident 
participants’ reaction towards a forward avatar. In the rest of the thesis, we will 
focus on the representation of shyness on Virtual Characters and most importantly 

















a  significant  facial  cue  which  serves  important  functions  in  interpersonal 
communication (Leary and Meadows 1991).  
The reason why people blush is still debated among psychologists. Most people 
consider  blushing  in  public  an  undesirable  response  and  some  people  even  feel 
embarrassed  when  they  think  that  people  are  noticing  that  they  are  blushing. 




not  been  reported  to  date.  This  neglected  area  of  research  is  potentially  very 
important  because  applications  in  computer  character  animation,  ranging  from 
industrial  training  to  entertainment  and  psychotherapy,  are  eventually  to  be 
experienced and evaluated by human participants.  
In  this  Chapter  we  describe  an  experiment  in  which  there  is  an  interaction 
between a person and an avatar, the goal of which is to assess the role of blushing 
on the person’s responses. We view this as an initial experiment in this domain, 
where  a  methodology  is  introduced  for  studying  the  impact  of  blushing  using  a 
behavioural  response  measure.  The  overall  goal  is  to  initiate  research  to  find 
whether  blushing  on  Virtual  Characters  might  improve  the  quality  of  interaction 
between people and Virtual Characters. In previous research we have studied male 94 
 
human  participants’  reaction  towards  a  forward  female  avatar  (Pan  and  Slater 
2007). In this Chapter we evaluate the empathic interaction between male human 
participants  and  a  virtual  woman  who  exhibits  signs  of  embarrassment  through 
blushing. 
5.2. Hypothesis 
From  our  literature  review  (Section  2.5  Social  Blushing)  we  have  learnt  that 
blushing  has  a  remedial  effect  in  interpersonal  communication.  Our  goal  in  this 
experiment was to test the hypothesis that when male participants are interacting 




Compared  to  inducing  blushing  in  an  experimentally  controlled  way  on  real 
people, rendering the appearance of blushing on avatars with current computer 
animation  technology  is  not  difficult,  especially  if  there  is  no  attempt  at  photo‐
realism, but rather at giving the impression of blushing. However with the intention 






















In  all  conditions  the  same  female  avatar  was  used  and  we  invited  only  male 
participants for our study. This is because, as mentioned in the introduction, in our 















However,  repeatedly,  this  video  failed  to  load,  the  avatar  apologised,  and  the 
interaction started over again. There were three conditions in a between‐groups 






(a) (b) (c) (d) 96 
 
the  situation  where  there  was  no  blushing.  The  scenario  of  the  experiment  is 
described as following: 
(1)  A  cheerful avatar  (see  Figure  5.1(a))  gives  a presentation  on  a  chosen 
topic to the participants. 




























synchronized  to  the  audio  with  Voice‐O‐Matic





Both  whole‐face  and  cheek  blushing  effects  were  rendered  by  blending  two 
facial texture maps over time (3 seconds, 30 frames per second) in 3DsMax. After 





























(b)  To  investigate  the  relationship  between  the  participant  and  the  avatar,  a 
standard POMS (profile of mood states) questionnaire was used twice to assess their 
change  of  mood  states,  both  before  the  experiment  and  after  the  experiment 
(McNair, Lorr et al. 1992).  






personal  trait  of  the  virtual  agent  and  how  they  feel  about  the  “incident”.  This 
questionnaire  also  included  co‐presence  and  blushing  related  questions.  All 
questions are described as follows: 




extent  they  considered  the  avatar  as  responsible  for  the  incident  (for 
example, 1: not responsible at all, 7: highly responsible). These questions 
were taken from de Jong’s experiment on blushing (de Jong 1999). Regarding 
our  setup,  we  asked  two  additional  questions:  first,  if  the  participants 
thought she felt sorry; secondly, if they thought she felt embarrassed.  
(2) There  were  three  co‐presence  questions  asking  the  extent  to  which 
participants find themselves responding to the avatar as if she were a real 
person,  concerning  their  thoughts,  feelings  and  emotions,  and  physical 
responses (1: not at all; 7: very much).  99 
 





sheet  which  the  participants  were  to  answer  in  the  end  after  the  whole 





















The  reasons  why  we  chose  the  2008  Olympic  Games  as  the  topic  of  the 
presentation were, first, it was topical for the majority of participants. Secondly, the 
Olympics  attracted  general  interest  in  the  public.  With  these  two  reasons,  the 
chosen  topic  was  intended  to  enhance  the  participants’  curiosity  during  the 100 
 
presentation  and  increase  the  likelihood  that  they  would  want  to  watch  the 
presentation.  
The presentation started with a virtual agent representing a Chinese woman 
introducing  information  about  the  2008  Olympic  Games  to  the  participant  (See 


































1  Non‐blushing 2.0 1.09
2  Whole‐face blushing 2.7 1.62













1  Non‐blushing  0.55  0.52 
2  Whole‐face blushing  0.63  0.50 





































is  positively  associated  with  Condition  2.  Regarding  the  correlation  with  the 103 
 
participant’s personal trait, it is negatively associated with Openness, and positively 





Co‐present Thoughts Emotions Physical 
1  Non‐blushing .5±1.7 2.5±1.7 2.5±1.9 
2  Whole‐face blushing 3.6±1.1 3.5±1.4 3.6±1.8 
3  Cheek blushing 2.5±1.4 2.5±1.4 2.2±1.6 
 
 
Table  5.5:  Regression  analysis  of  “Co‐presence”  (the  mean  of  the  three  co‐
presence  questions)  on  condition,  and  “Openness”  (NEO  questionnaire),  and 

































1  3.5±1.5 4.6±1.3 3.7±1.7 
honest
1  4.1±1.5 4.6±1.5 3.9±1.8 
social
1 4.8±1.7 4.5±1.5 4.9±1.3 
friendly
1  5.4±1.4 5.1±1.1 5.1±1.0 
sympathetic
1  4.9±1.5 5.1±1.4 4.6±1.1 
likeable
1  4.5±1.5 4.5±1.5 4.5±1.1 
serious
2  2.6±2.1 2.6±1.4 2.7±1.3 
responsible
3  1.4±0.5 1.4±0.5 2.3±1.9 
sorry
4 3.4±1.9 4.1±2.0 3.1±1.2 
embarrassed
5  3.7±2.1 3.4±1.8 3.6±1.3 
 
5.6.5. Comments from the participants 
After  completion  of  the  questionnaire  we  asked  the  participants  to  write 
comments  about  their  experience.  Some  participants  said  that  they  found  the 
presentation interesting; some were irritated by the “incident”: 
-  “I think the presentation was really good and insightful and I would have 



















-  “Perhaps  a  prejudice  of  mine  is  to  analyse  computer  “personality”  or 
“individual” too much so the guide did not seem real. However when a 
character has more of a background or a story, if I knew who the guide was 

































withdraw  later  with  the  blushing  avatar,  the  behavioural  measurement  of  the 
“stopping  time”  offers  valuable  information  of  how  people  respond  towards 











withdrew  earlier;  but  our  questionnaire  results  suggested  otherwise:  the  cheek 
blushing  avatar  received  same  level  of  co‐presence  as  the  non‐blushing  avatar, 
which were significantly lower than the whole‐face blushing avatar. Moreover, the 
results of other questions also indicated a tendency of the participants to think that 
the  whole‐face  blushing  avatar,  rather  than  cheek‐blushing  one,  felt  “sorrier”. 
However, in terms of how embarrassed the participants thought the avatar was, 
there  was  no  difference  between  the  three  conditions.  Therefore  the  only 107 
 
explanation we have is that the participants were less tolerant towards the cheek‐




co‐presence  triggered  by  the  whole‐face  blushing  avatar.  More  importantly, 







First,  one  of  the  interesting  findings  is  that  participants  noticed  the  avatar’s 
cheek  blushing  more  than  the  whole‐face  blushing.  Second,  results  of  the 
behavioural responses suggest that the participants tended to withdraw earlier, and 
were therefore less tolerant if the avatar was cheek blushing. However, there was 
no  difference  between  non‐blushing  and  the  whole‐face  blushing  regarding 










for  methods  to  improve  the  quality  of  interaction  between  people  and  Virtual 
Characters.  Our  fundamental  measure  was  a  behavioural  one  –  whether  or  not 









she  expressed  embarrassment.  In  the  next  Chapter,  we  further  examine  how  a 














emotional  level  in  the  participants,  which  triggered  realistic  interactions.  The 
desktop  based  experiment,  although  not  as  immersive,  provided  us  evidence  of 










creating  Virtual  Characters  who  are  shy,  or  socially  anxious,  and  see  how  this 
impacts the interaction between the Virtual Character and the participant.  
In  this  Chapter,  we  further  look  into  using  realistic  avatars  in  the  CAVE‐like 












shyness  in  avatars  within  Virtual  Reality,  with  the  goal  of  building  avatars  with 
different degrees of shyness. In particular, we are interested to know whether there 
will  be  different  responses  of  people  to  their  interaction  with  a  shy  or  non‐shy 
female avatar. 
6.2 Hypothesis 










With  the  experience  from  our  previous  work,  we  have  gained  valuable 
knowledge  in  designing  experimental  studies.  However,  in  order  to  test  our 





our  previous  experiment.  In  the  setup  of  this  experiment,  a  higher  level  of 
interaction is required. With our previous desktop “online agent”, the focus was on 














and  appearance  (Vinayagamoorthy,  Gillies  et  al.  2006).  Therefore  our  traditional 
hand  animation  for  body  movement  and  facial  expression  with  our  cartoon‐like 
avatars  would  not  be  appropriate  with  our  updated  more  complex  and  realistic 
avatar. To achieve high level of realism in behaviour, in this experiment, we have 
used motion captured data to animate our Virtual Character.   
In  our  experiment,  using  motion  captured  data  would  increase  the  avatar’s 
behavioural  realism.  In  the  following  Sections  we  present  the  design  of  the 

























A: Ok, your turn now! Are you ready?  
F: Do I really, have to go through this?  
A: I’m afraid yes! As we have agreed!  
F: But I’m not…  
A: Oh come on, he is here already! Waiting for you! Go in and sit there! Quick!  








P: Hi, what’s your name? 
J: I’m Jenny, nice to meet you. 
P: Nice to meet you too. 
J: Shall we start? 
P: Sure. (Read instructions from the laptop) The reason for seeing you, Jenny, is that 
I need to go through a questionnaire with you, to assess your feelings in 
interactions with people. This is part of a long series of studies that we have been 
doing on social relationships, and your answers will be very helpful for us. 
J: OK 113 
 
P: Good.(Read from the laptop). There will be 27 questions to answer, and the total 
time will be about 5 minutes. Here is an example: I would make a statement such 
as: “You feel relaxed even in unfamiliar social situations” and then you should 
respond “I agree” or “I do not agree” – it is that simple. 
J: I see. 
P: (Read from the laptop). We just go through these questions one by one until we 
have finished. I’m sorry I am reading 
out these instructions Jenny but it is 
important that we say exactly the same 
things to everyone.  
J: It’s ok. 
P: (Read from the laptop) Do you realise 
Jenny that the answers you give will be 
completely confidential, and that we 
will only refer to them in statistical 
form? 
J: So I’ve been told. Why do you keep 
using my name, it is like you’re trying 
to sell me something. 
P: I’m sorry…but… Anyway, shall we do 

















P: You usually feel calm and comfortable in social situations.  
J: No, I disagree. 
P: You are usually at ease when talking to someone of the opposite sex.  
J: Say it again? 
P: OK. You are usually at ease when talking to someone of the opposite sex.  
J: Oh, do, do I have to answer this question? 
P: Ah, it will be very helpful if you do…and don’t worry it’s totally confidential.  














significant  effort  does  she  managed  to  answer  all  the  questions.  In  the  control 





asked  if  the  participant  could  do  her  a  favour  in  return.  She  then  asked  the 
participant to fill in the questionnaire which was displayed on the laptop in front of 









participant  could  hear  her  picking  up  the  phone  and  talking,  quietly  in  the 
background.  


















  Participants 
Shy avatar (condition1) n











Experimental  studies  are  often  costly  and  time  consuming,  especially  when 
human  participants  are  involved,  since  too  many  variables  are  included  in  such 
experiments. Pilot studies are crucial in such experimental studies since they can 
help  to  identify  experimental  design  flaws,  at  the  same  time  prepare  the 
experimenter for different situations. 
In  the  preparation  of  this  experiment  we  have  carried  out  two  sets  of  pilot 
studies. In the first round of the pilot study, we have recorded trial motion captured 
data. Then we have run 10 pilot studies, with which we have updated our script, 
including  adding  clear  instructions  in  the  end  of  the  scrip,  making  the  avatar’s 
answers more consistent (to be able to indicate strong shyness from her answers), 
























In  addition,  the  length  of  time  participants  choose  to  wait  for  the  avatar  to 
return, the first time the participant rings the recall bell, the number of bell rings, 


















gave  them  a  computer  based  pre‐questionnaire  asking  information  such  as  age, 
occupation, etc. They were also given another two standard questionnaires (SAD, 
















read  out  questions  from  the  laptop.  The  questions,  as  already  known  to  the 
participant,  were  exactly  the  same  as  one  of  the  questionnaires  (SAD)  that  the 
participant had completed earlier. During the interview the avatar behaved either 
shyly (See Figure 6.3 (a), (b)) or confidently (Figure 6.3 (c), (d)). After the interview, 
the  avatar  left  the  participant  to  wait,  but  never  come  back.  The  experimenter 


























measurements.  In  this  Section  we  present  the  results  from  both.  Starting  with 
behavioural  responses  (Section  6.7.1),  we  then  present  the  results  of  the 
questionnaire  participants  did  during  the  experiment  (Section  6.7.2),  and  the 
questionnaire they did after the experiment (Section 6.7.3). 
6.7.1 Behaviour Responses 





































































































































































There  were  8  statements  on  the  questionnaire  regarding  the  participants’ 
general feelings towards “interviewee”, i.e. “I liked the interviewee”, or “I would 
like  to  spend  more  time  with  the  interviewee.” The participants had to choose 
either agree or disagree with each question. Table 6.3 shows the proportion and 























We  carried  out  a  binomial  logistic  regression  with  each  statement  as  the 
dependent variable, and condition as the independent variable, and found for the 





























Condition 1 (shy)  66  96  0.6875 
Condition 2 (non‐shy)  44  96  0.4583 
 
6.7.3 Presence Questionnaire  

















Condition 2  
(non-shy) 
General Experience 
Example: To what extent were there times 
during the experience when the interview was 
the reality for you?  
at no time 1  2  3  4  5  6  7  almost all the 
time 
3.75±1.73 3.95±1.66 
Responses towards the “Place” 
Example: How much did you behave within 
the interview as if the situation were real? 
not at all 1  2  3  4  5  6  7  very much 
5.08±1.47 4.68±1.38 
Responses towards the Virtual Lady 
Example: How much was your emotional 
response to the interviewee as if he/she were 
real? 






been  found  with  our  behavioural  measurement.  On  the  other  hand  the 
questionnaire result did provide us some evidence to justify our hypothesis is that 
more participants expressed that they would like to spend more time with the shy 
avatar,  and  gave  more  positive  comments  about  her.  At  that  same  time,  the 






Immediately  after  the  experiment,  the  participants  were  given  a  post‐
questionnaire, at the end of which they were asked to leave some comments on 
their experience. Upon finishing the questionnaire, the experimenter conducted a 
short  interview  with  the  participants  to  further  discuss  their  feelings  during  the 








































































































































Nine  participants  thought  she  was  friendly  or  “not  unfriendly”,  the  other  3 
thought she wasn’t friendly because “She's not sociable so she cannot be friendly.” 
g.  Do you think she’s sympathetic? 


















avatar,  the  majority  of  the  participants  seemed  to  have  enjoyed  the  relaxing 
experience, and liked Jenny, or at least had a neutral attitude about the interaction. 
Most of them also found Jenny honest, and trustworthy. However, when it comes to 
the  question  about  Jenny’s  reliability,  many  people  hesitated.  Some  answered 
straight away that she’s not reliable, because of her shyness or social incapability. 
The  majority  of  the  participant  also  thought  Jenny  was  not  sociable.  Almost  all 
participants  described  her  with  many  words  related  to  shyness,  including:  shy, 
introverted, embarrassed, and nervous.   

























About  half  of  the  participants  thought  she  was  reliable  because  she  was 




questions  she  gave  I  felt  were  her  honest  opinion”,  “She  was  genuinely  giving 
answers that weren’t easier answers to give”, “she was very direct about things”, “I 
didn't see any hints of a lying personality”. 
However,  one  participant  who  thought  she’s  not  honest  because  “her  body 
language conflicted with her answers”. 
e.  Do you think she’s sociable? 
































As  we  predicted,  the  results  from  the  Presence  Questionnaire  showed  no 
difference  in  how  the  participants  felt  about  the  interaction.  However,  in  the 

















(non‐shy  avatar),  most  participants  responded  with  a  negative  answer  without 133 
 
hesitation to this question; and very few participants expressed their interest in 






















her  a  favour  in  return.  However,  no  difference  was  found  in  our  behavioural 




Although  our  original  behavioural  measurement  did  not  provide  enough 
evidence to differentiate participants’ behaviours towards the shy avatar from the 
non‐shy  avatar,  we  still  found  very  interesting  results  from  how  participants 134 
 















between  people  and  the  Virtual  Environment  because  they  can  provoke  the 
automatic  responses  of  users  and  therefore  achieve  more  natural  interaction, 










































2003).  This  questionnaire,  used  in  evaluating  participants’  real  life  interpersonal 













have  no  exact  data  for  real‐life  situations  to  compare  to,  we  believe  people 
responded as if it were real. 
The result also suggested that the shy participants had a higher level of anxiety 
during  the  interaction;  however,  their  anxiety  levels  were  lower  during  the 
interaction than their anxiety levels in everyday life. This result could be generalised 
into other type of avatars or scenarios. 





large  group,  or  strangers  could  also  be  studied  using  the  methods  we  have 
developed.  Moreover,  research  in  collaboration  with  psychotherapists  should  be 
carried out to further examine the therapeutic value of using such Virtual Reality 
scenarios with real patients.  
During  the  experiment  we  used  physiological  recording  device  to  measure 
participants’  EDA  and  ECG  responses.  The  procedure  of  applying  the  recording 
device included applying electrodes on participants’ fingers, collar bones, and ribs. 
The  physiological  measurements  provided  objective  evidence  of  participants’ 
anxiety  responses  during  the  interaction;  however  the  measurement  itself 










































which  these  interactions  have  an  impact  on  relationships  between  humans,  and 
therefore between avatar and human. Future research could go beyond computer 
science and psychology to neuroscience, where we could further examine the point 









shyness  in  the  immersive  CAVE‐like  system.  We  have  animated  an  avatar  with 
motion captured data which was performed by a professional actress, who acted as 
if she were very shy (Figure 7.3 (a)) or the opposite (Figure 7.3 (b)). We did not find 
research  about  the  exact  type  of  interaction  (how  human  response  towards 
someone who behaves as if she is shy in an interview scenario) in real life, however 












In  this  final  experiment,  we  were  interested  in  finding  out  how  much  the 
difference  in  avatar’s  “personality”  would  influence  the  participants.  Although 
participants felt more positive towards the personality of the shy avatar, they did 
not spend more time waiting for her. There were participants who acted exactly like 









To  be  able  to  understand  better  how  people  react  towards  avatar,  future 
research  should  focus  more  on  studying  the  psychology  of  human‐human 
interaction,  and  more  importantly,  seeking  evidence  at  many  different  levels 
including psychology and social neuroscience. Another improvement that could be 
made  is  adding  facial  expression  and  gaze  to  the  avatar.  Although  participants 
recognised  the  shyness  expressed  through  the  avatar’s  body,  the  lack  of  facial 
expressions  and  gaze  might  have  introduced  ambiguity  in  participants’ 











participants  and  the  Virtual  Character  without  the  necessity  of  using  artificial 
intelligent techniques. Instead a Wizard of Oz technique was used. Our results have 
shown  that  this  smooth  interaction  has  contributed  in  sustaining  the  feeling  of 
immersion for human participants, and therefore led to potentially high level of 
emotional engagement, which made it possible to use VR in psychotherapy for social 






















In  the  ever  growing  online  society,  this  thesis  could  also  contribute  to 
applications such as Second Life or any other online applications where there is the 
need for using Virtual Character as part of the interface as well as representing the 





Although  this  thesis  has  examined  many  different  aspects  of  human‐avatar 























First,  certain  results  were  achieved  only  because  of  our  particular  scenario 
design. For instance, in our first experiment (Chapter 4) we had a positive female 
avatar initiating a conversation which became more and more intimate. This made 
the  confident  participants  more  anxious  towards  the  end  but  the  shy  ones  less 
anxious, as compared to how they felt in the beginning of the conversation. The shy 
participants reacted this way maybe because the female avatar was very positive, 












be  different.  Nevertheless,  the  findings  from  our  study  could  still  contribute  to 





















appearance  and  behaviour.  This  response  to  avatars  happens  at  many  levels: 
emotional,  behaviour,  physiological;  and  it  could  interfere  with  people  both 

































































































TENSE,  NERVOUS,  OR  UNCOMFORTABLE  YOU  ARE  DURING  SOCIAL  ENCOUNTERS. 
Please  use  the  scale  listed  above  and  circle  the  number  which  best  reflects  how 
frequently you experience these responses.  
Remember that this information is completely confidential  
Never  Very Infrequent   Infrequent         Sometimes  Frequent     Very Frequent  Always 
















































































































































































































































































































































Please note that in this questionnaire 'VR laboratory' refers to the physical space in which 







1 How much were you aware of background sounds in the VR laboratory in which this 
experience was actually taking place. Rate this on the following scale from 1 to 7 
(where for example 1 means that you were not at all aware of the background sounds).
 
During the experience I was aware of background sounds from the laboratory... 
not at all   1    2   3   4   5   6   7    very much so  
 
2 How dizzy, sick or nauseous did you feel resulting from the experience, if at all?  
 
I felt sick or dizzy or nauseous during or as a result of the experience... 
not at all   1    2   3   4   5   6   7    very much so  
 
3 Please rate your sense of being in  the party, on the following scale from 1 to 7, 
where 7 represents your normal experience of being in a place. 
 
I had a sense of being there in the party... 
at no time   1    2   3   4   5   6   7      almost all the time  
 
4 To what extent were there times during the experience when the party was the reality 
for you? 
 
There were times during the experience when party  was the reality for me... 
at no time   1    2   3   4   5   6   7     almost all the time  
 
5 When you think back about your experience, do you think of the party more as 
images that you saw, or more as somewhere that you visited? 
 
The party seemed to be more like... 
images that I saw    1    2   3   4   5   6   7    somewhere I visited  
 
6 During the time of the experience, which was strongest on the whole, your sense of 
being in the party, or of being in the real world of the laboratory? 
 
I had a stronger sense of... 




7 How much did you enjoy the party? 
 
I enjoyed the party …... 
not at all    1    2   3   4   5   6   7    very much  
8 During the time of the experience were you more aware of being in a laboratory or 
being at the party? 
 
During the experience I was aware more of ... 
Being in the lab    1    2   3   4   5   6   7     Being at the party  
9 During the course of the experience, how much were you aware of the 
experimenters? 
During the course of the experience I was aware of the experimenters … 
not at all    1    2   3   4   5   6   7    very much  
 
10 How much was your overall behaviour like being in a party? 
In my overall behaviour I responded as if I were at the party … 
not at all   1    2   3   4   5   6   7      very much  
 
11 How often did you find yourself automatically behaving within the party as if it were a 
real place? 
I responded as if it were a real place… 
never   1    2   3   4   5   6   7   almost all the time  
12 How much was what you said like what you would have said in a real situation? 
I spoke as if the situation were a real one… 
never   1    2   3   4   5   6   7    almost all the time  
13 How much was your emotional response in the party the same as if it had been 
real? 
My emotional response in the party was the same as if it had been real … 
never    1    2   3   4   5   6   7     almost all the time  
 
14 How much were the thoughts you had within the party the same as if it had been a 
real situation? 
My thoughts with in the party were the same as if it had been real … 
never   1    2   3   4   5   6   7       almost all the time  169 
 
15 How much were you thinking things like ‘I know this isn’t real’ but then surprisingly 
finding yourself behaving as if it was real?  
In spite of my knowledge that the situation wasn’t real I found myself behaving 
as if it were real… 
never   1    2   3   4   5   6   7       almost all the time  
 
16 To what extent were your physical responses within the party (e.g., heart rate, 
blushing, sweating, etc.)  the same as if  it had been a real situation? (In this case if in 
such a real situation you would have had no or few such physical responses and also 
within the party you had no or few physical responses, then your answer should be 
closer to 7 than to 1). 
My physical responses within the party were the same as if it had been real … 
never    1    2   3   4   5   6   7      almost all the time  
 
There was a virtual woman in the experience that you have just had who spoke to 
you, and she is  referred to here as the ‘woman’ 
17 How much did you behave as if the woman were real? 
I behaved as if she  as if she were real… 
not at all    1    2   3   4   5   6   7     very much  
 
18 How much was what you said to her like what you would have said to a real woman 
in a similar situation? 
The things I said to her were similar to what I would have said had she been 
real… 
not at all very much  
 
19 How much did you find yourself automatically behaving as if the woman were real? 
I found myself automatically behaving as if she were real … 
not at all very much  
 
20 How much was your overall emotional response to the woman as if she were real? 
My overall emotional response to her  was as if she were real … 





21 How much were the types of things you were thinking while talking with her similar 
to a real situation? 
My thoughts when talking with her were as if she  were real …  
not at all    1    2   3   4   5   6   7     very much  
 
22 How much did you have physical responses (such as change in heart rate, blushing, 
sweating, etc.) to the woman as if she were real? 
My physical responses to her  were as if she  were real… 
not at all    1    2   3   4   5   6   7     very much  
 
23 How much were you thinking things like ‘I know this person isn’t real’ but then 
surprisingly finding yourself behaving as if she was real?  
In spite of my knowledge that she wasn’t real I found myself behaving as if she 
were real… 
never  almost   1    2   3   4   5   6   7      all the time  
 
24 How much were you aware of the other people in the party looking at you?  
I was aware of the other people taking notice of me... 
not at all  very much so 
 
 
25 To what extent did it disturb you, if at all, if the other people in the party looked at you?  
If I noticed that the others at the party looked at me, it… 
Did not disturb me at all  it disturbed me very much  
 
26 To what extent, if at all, did you become anxious when the woman approached you 
and started talking with you? 
When the woman approached me and started talking to me I become anxious… 
not at all     1    2   3   4   5   6   7     very much so  
 171 
 
27 To what extent, if at all, did your feelings about the conversation 
with the woman change over time. Please answer YES or NO to each of 
the following: 
 
I became more anxious over time. YES/NO 
I became less anxious over time. YES/NO 
I became more confident over time. YES/NO 
I became less confident over time. YES/NO 
I became more relaxed over time. YES/NO 
I became less relaxed over time. YES/NO 
Please enter your comments. Things you could consider are:  
•  Aspects of the experience that made you respond as if it were real.  
•  Aspects of the experience that led you to make responses that would have been 
unrealistic if the situation depicted had been occurring in reality. 
•  Aspects of the situation that suddenly disturbed your experience of being in the 
party. 
•  Aspects of the experience that helped or hindered you achieving your task. 
•  Aspects of your feelings towards the experience 
• …  
 























































Information Sheet for Participants 
 
Thank you for participating in our study. This study has been approved by University College 
London’s Committee on the Ethics of Non-NHS Human Research. Please read through this 
information sheet and feel free to ask any questions. The experimenters will answer any general 
questions; however the specific aspects regarding this study cannot be discussed with you until 
the end of the session. The whole study will take about 20 - 30 minutes. 
 
In this particular study you will be watching a presentation about Beijing 2008 Olympic 
Games.  
 
Please ask any questions that come to mind. Read and sign the Consent Form. 
 
Information that we collect will never be reported in a way that specific individuals can be 
identified. Information will be reported in a statistical and aggregated manner, and any verbal 




You will be asked to read, understand and sign a Consent Form. If you sign it the study will 
continue with your participation. Note that you can withdraw at any time without giving any 
reasons. 
You will be asked to complete a number of questions on paper, so that we can try to understand 
your responses during the study. 
You will be then be introduced into the lab and watch a presentation about Beijing 2008 Olympic 
Games 
After the presentation you will complete a questionnaire about your experience. 
Finally there will be a small discussion with the experimenters about your experiences. During 
this time, you might be audio taped. 
Thank you for your participation. Please do not discuss this study with others for about three 
months, since the study is continuing. 




Please note that you may (or may not) find the situation that is depicted within the presentation 
stressful. If at any time you do not wish to continue participating in the experiment remember that 
you are free to withdraw without being required to give reasons. 
 
























at any time and without giving a reason for withdrawing?                  YES/NO 









































































 Unreliable            0        1         2        3        4        5        6        7              Reliable            
 Dishonest                 0        1         2        3        4        5        6        7              Honest 
 Antisocial              0        1         2        3        4        5        6        7              Social 
 Unfriendly             0        1         2        3        4        5        6        7              Friendly 
 Unsympathetic        0        1         2        3        4        5        6        7     Sympathetic      













































































Thank you for participating in our study. This study has been approved by University College 
London’s Committee on the Ethics of Non-NHS Human Research. Please read through this 
information sheet and feel free to ask any questions. The experimenters will answer any general 
questions; however the specific aspects regarding this study cannot be discussed with you until 
the end of the session. The whole study will take about one hour. 
In this particular study you will be giving an interview to a person in virtual reality (the 
interviewee).  
Please ask any questions that come to mind. Read and sign the Consent Form. 
Information that we collect will never be reported in a way that specific individuals can be 
identified. Information will be reported in a statistical and aggregated manner, and any verbal 
comments that you make, if written about in subsequent papers, will be presented anonymously. 
Procedures: 
You will be asked to read, understand and sign a Consent Form. If you sign it the study will 
continue with your participation. Note that you can withdraw at any time without giving any 
reasons. 
You will be asked to complete a number of questions on a computer display, so that we can try to 
understand your responses during the study. 
You will be then be introduced into the lab and give an interview to the interviewee, with step by 
step instructions displayed on a laptop in front of you.  
The whole session will be videotaped for our records.  
After the interview you will complete a questionnaire about your experience. 
Finally there will be a short audiotaped discussion with the experimenters about your 
experiences. 
Thank you for your participation. Please do not discuss this study with others for about three 
months, since the study is continuing. 
Any other questions? 
Please note that you may (or may not) find the situation that is depicted within the presentation 
stressful. If at any time you do not wish to continue participating in the experiment remember that 
you are free to withdraw without being required to give reasons. 
















































1. You feel relaxed even in unfamiliar social situations.  Agree           Disagree 
2. You try to avoid situations which force you to be very 
sociable. 
Agree           Disagree 
3. It’s easy for you to relax when you are with strangers. Agree           Disagree 
4. When your superiors want to talk to you, you talk willingly. Agree           Disagree 
5. You often find social settings upsetting. Agree           Disagree 
6. You usually feel calm and comfortable in social situations. Agree           Disagree 
7. You are usually at ease when talking to someone of the 
opposite sex. 
Agree           Disagree 
8. You try to avoid talking to people unless you know them 
well. 
Agree           Disagree 
9. If the chance comes to meet new people, you often take it. Agree           Disagree 
10. You often feel nervous or tense in casual get‐togethers in 
which both sexes are present.
Agree           Disagree 
11. You are usually nervous with people unless you know 
them well
Agree           Disagree 
12. You usually feel relaxed when you are with a group of 
people. 
Agree           Disagree 
13. You often want to get away from people. Agree           Disagree 
14. You usually feel uncomfortable when you are in a group of 
people you don’t know. 
Agree           Disagree 
15. You usually feel relaxed when you meet someone for the 
first time. 
Agree           Disagree 
16. Being introduced to people makes you tense and nervous. Agree           Disagree 
17. Even though a room is full of strangers you may enter it 
anyway. 
Agree           Disagree 
18. You would avoid walking up to and joining a large group 
of people.
Agree           Disagree 
19. You sometimes take the responsibility for introducing 
people to each other. 
Agree           Disagree 
20. You often feel on edge when you talk to a group of 
people. 
Agree           Disagree 
21. You tend to withdraw from people. Agree           Disagree 
22. You don’t mind talking to people at parties or social 
gatherings.
Agree           Disagree 
23. You are seldom at ease in a large group of people. Agree           Disagree 
24. You often think up excuses in order to avoid social 
engagements. 
Agree           Disagree 
25. You try to avoid formal social occasions. Agree           Disagree 
26. You usually go to whatever social engagements you have. Agree           Disagree 




The script of the avatar is highlighted in bold. The expected responses from the 
participant are also given as a reference. 
 
Off Scene Voice (before Jenny shows up, David: the authority figure): 
 
David: Ok, your turn now. Are you ready? 
Jenny: Do I really, have to go through this? 
David: I’m afraid yes, as we have agreed. 
Jenny: But I’m not… 
David: Oh come on, she/he is here already, waiting for you. Go in and sit there, 
quick! 
Jenny: o…k… (coughing, steps) 
 
Part 1: introducing (All step by step instructions are displayed on a laptop in front of the 
participant) 
 
(Jenny walks in to the scenario and sits down on the chair in front of the participant.) 
intro1: Hi. 
Hi, what’s your name? 
intro2: I’m Jenny, nice to meet you. 
Nice to meet you too. 
intro3: Shall we start? 
(Read from the laptop)The reason for seeing you, XXXX, is that I need to go through a 
questionnaire with you, to assess your feelings in interactions with people. This is part of 
a long series of studies that we have been doing on social relationships, and your answers 
will be very helpful for us. 
intro4: OK 
(Read from the laptop) There will be 27 questions to answer, and the total time will be 
about 5 minutes. Here is an example: I would make a statement such as: “You feel 
relaxed even in unfamiliar social situations” and then you should respond “I agree” or “I 
Do not agree” – it is that simple. 
intro5: I see. 
(Read from the laptop) We just go through these questions one by one until we have 
finished. I’m sorry I am reading out these instructions XXXX but it is important that we 
say exactly the same things to everyone.  
intro6: It’s ok. 
(Read from the laptop) Do you realise XXXX that the answers you give will be 
completely confidential, and that we will only refer to them in statistical form? 
intro7: So I’ve been told. Why do you keep using my name, it is like you’re trying to 
sell me something. 
Let’s do a rehearsal: you feel relaxed even in unfamiliar social situations. Agree or 
disagree? 
intro8: Sorry? Could you say it again? 
Participant repeats the question. 186 
 
intro9: This right now is an unfamiliar social situation isn’t it? 
Yes, please answer the question. 
intro10: I’d say I disagree, I don’t feel relaxed now, for example. 
OK, are you ready to start? 
intro11: I suppose so. 
 
 
Part 2: Questions (All questions are given on a laptop in front of the participant) 
 
q1 
You feel relaxed even in unfamiliar social situations. 
 
J: As I just said, no, I disagree 
q2 
You try to avoid situations which force you to be very sociable. 
 
J: (Coughing) Yes, I agree 
q3 
It’s easy for you to relax when you are with strangers. 
 
J: No, I disagree. 
q4 
When my superiors want to talk to you, you talk willingly. 
 
J: eh…I disagree. 
q5 
You often find social settings upsetting. 
 
J: I wouldn’t say ‘often’ so I disagree. 
q6 
You usually feel calm and comfortable in social situations. 
 
J: No, not ‘usually’ I disagree. 
q7 
You are usually at ease when talking to someone of the opposite sex. 
 
q71: Say it again? (blush) 
q72: Oh, do, do I have to answer this question? 
q73: Eh, I disagree. 
q8 
You try to avoid talking to people unless you know them well. 
 
J: No, I disagree. 
q9 
If the chance comes to meet new people, you often take it. 
 
J: Well, it depends on who they are, but I agree I suppose. (smile) 
q10 
You often feel nervous or tense in casual get-togethers in which both sexes are 
present. 
 
J: Yes I agree I usually feel nervous if I don’t know who will be there. 
q11 
You are usually nervous with people unless you know them well 
 




You usually feel relaxed when you are with a group of people. 
 
J: I disagree. 
q13 
You often want to get away from people. 
 
J: I do. I agree. This is a bit embarrassing, isn’t it? 
(J: I do. I agree. These questions are very embarrassing for me) 
q14 
You usually feel uncomfortable when you are in a group of people you don’t know. 
 
J: I feel uncomfortable now, so of course I agree. 
q15 
You usually feel relaxed when you meet someone for the first time. 
 
J: Never (smile). I disagree. 
q16 
Being introduced to people makes you tense and nervous. 
 




Even though a room is full of strangers you may enter it anyway. 
 
J: En, I think so. I agree. 
 
q18 
You would avoid walking up to and joining a large group of people. 
 
J: Yes. I agree. (blush) 
q19 
You sometimes take the responsibility for introducing people to each other. 
 
q191: Sorry, what? 
q192: Yes, I agree, anyway if I know them. (more relaxed)
q20 
You often feel on edge when you talk to a group of people. 
 
J: Yes, I agree.  
q21 
You tend to withdraw from people. 
 
J: (blushing). Yes, I agree. 
q22 
You don’t mind talking to people at parties or social gatherings. 
 
J: en, (pause) I disagree, I do mind! 
q23 
You are seldom at ease in a large group of people. 
 
J: Yes, I agree. 
q24 
You often think up excuses in order to avoid social engagements. 
 





You try to avoid formal social occasions. 
 
J: Yes, I agree. 
q26 
You usually go to whatever social engagements you have. 
 
J: No, I disagree. 
q27 
You find it easy to relax with other people. 
 
















































































Please note that in this questionnaire 'VR laboratory' refers to the physical space in which 







1 How much were you aware of background sounds in the VR laboratory in which this 
experience was actually taking place. Rate this on the following scale from 1 to 7 
(where for example 1 means that you were not at all aware of the background sounds).
  
During the experience I was aware of background sounds from the laboratory... 
not at all   1    2    3    4     5     6    7   very much so  
 
2 How dizzy, sick or nauseous did you feel resulting from the experience, if at all?  
 
I felt sick or dizzy or nauseous during or as a result of the experience... 
not at all 1   2    3   4    5   6    7 very much so  
 
3 Please rate your sense of being in the interview, on the following scale from 1 to 7, 
where 7 represents your normal experience of being in a place. 
 
I had a sense of being there in the interview... 
at no time   1    2    3    4     5     6    7    almost all the time  
 
4 To what extent were there times during the experience when the interview was the 
reality for you? 
 
There were times during the experience when the interview was the reality for 
me... 
at no time    1    2    3    4     5     6    7   almost all the time  
 
5 When you think back about your experience, do you think of the interview more as 
images that you saw, or more as somewhere that you visited? 
 
The interview seemed to be more like... 
images that I saw   1    2    3    4     5     6    7    somewhere I visited  
 
6 During the time of the experience, which was strongest on the whole, your sense of 
being in the interview, or of being in the real world of the laboratory? 
 
I had a stronger sense of... 
being in the interview    1    2    3    4     5     6    7   being in the lab  
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7 Overall, how well do you think that you achieved the task? 
 
I achieved the task …... 
not at all   1    2    3    4     5     6    7    fully  
 
8 During the time of the experience, did you often think to yourself that you were just 
sitting in a laboratory or did the interview overwhelm you? 
 
During the experience I was thinking that I was really in the VR laboratory... 
most of the time    1    2    3    4     5     6    7    rarely  
 
9 During the course of the experience, how much were you aware of the 
experimenters? 
During the course of the experience I was aware of the experimenters … 
not at all    1    2    3    4     5     6    7    very much  
 
10 How much did you behave within the interview as if the situation were real? 
I responded as if the situation were real … 
not at all    1    2    3    4     5     6    7   very much  
 
11 How much was your emotional response in the interview the same as if it had been 
real? 
My emotional response in the interview was the same as if it had been real … 
 
never     1    2    3    4     5     6    7    almost all the time  
12 How much were the thoughts you had within the interview the same as if it had been 
a real situation? 
My thoughts with in the interview were the same as if it had been real … 
 
never   1    2    3    4     5     6    7     almost all the time  
 
13 How much were you thinking things like ‘I know this isn’t real’ but then surprisingly 
finding yourself behaving as if it was real?  
In spite of my knowledge that the situation wasn’t real I found myself behaving 
as if it were real… 
never     1    2    3    4     5     6    7    almost all the time  194 
 
 
14 To what extent were your physical responses within the interview (e.g., heart rate, 
blushing, sweating, etc.) the same as if it had been a real situation? (In this case if in 
such a real situation you would have had no or few such physical responses and also 
within the interview you had no or few physical responses, then your answer should be 
closer to 7 than to 1). 
My physical responses within the interview were the same as if it had been real 
… 
never    1    2    3    4     5     6    7    almost all the time  
 
There was a virtual character in the experience that you have just interviewed, 
who is  referred to here as the ‘interviewee’ 
15 How much did you behave as if the interviewee were real? 
I behaved as if he/she were real… 
not at all    1    2    3    4     5     6    7   very much  
 
16 Overall how much did you treat the interview as if it were real? 
I treated the interview as if it were real… 
not at all    1    2    3    4     5     6    7   very much  
17 How much was your emotional response to the interviewee as if he/she were real?
My emotional response to him/her was as if he/she were real … 
not at all   1    2    3    4     5     6    7    very much  
 
18 How much were your thoughts in relation to the interviewee as if he/she were real?
My thoughts in relation to him/her were as if he/she were real …  
not at all   1    2    3    4     5     6    7    very much  
 
19 How much did you have physical responses (such as change in heart rate, blushing, 
sweating, etc.) to the interviewee as if he/she were real? 
My physical responses to him/her were as if he/she were real… 
not at all    1    2    3    4     5     6    7   very much  
 
20 How much were you thinking things like ‘I know this person isn’t real’ but then 195 
 
surprisingly finding yourself behaving as if he/she was real?  
In spite of my knowledge that he/she wasn’t real I found myself behaving as if 
he/she were real… 
never    1    2    3    4     5     6    7    almost all the time  
 
Please enter your comments. Things you could consider are:  
•  Aspects of the experience that made you respond as if it were real.  
•  Aspects of the experience that led you to make responses that would have been 
unrealistic if the situation depicted had been occurring in reality. 
•  Aspects of the situation that suddenly disturbed your experience of being in the 
interview. 
•  Aspects of the experience that helped or hindered you achieving your task. 
•  Aspects of your feelings towards the experience 
• …  
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